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Objective: An earlier study showed that 6 months after total hip arthroplasty (THA) patients’ overall daily
activity level had not increased, despite signiﬁcant improvement in their perceived physical functioning.
This discrepancy might be because postoperative recovery is not expressed by a more overall active
lifestyle, but by the fact that patients could perform the individual activities of daily living (ADL) faster
and/or for a longer period of time. The aim of this study was to assess whether patients perform ADL
faster and/or for a longer period of time 6 months post-THA compared to baseline. Also examined was
whether patients perform activities on the level of healthy matched controls.
Method: Thirty patients were measured at home with an accelerometry-based Activity Monitor,
pre-operatively and 6 months post-THA. Patients were matched with healthy controls on gender and age
(2 years).
Results: Comparedwith baseline, 6months post-THA the stride frequencyandbodymotility duringwalking
of patients had increased [56.1 (54.3, 57.8) strides/min vs 52.1 (50.3, 54.1) strides/min; P-value< 0.0001,
and 0.265 (0.245, 0.286) g vs 0.219 (0.197, 0.240) g; P-value< 0.0001], and they rose faster from a chair
[2.6 (2.5, 2.8) s vs 3.0 (2.8, 3.2) s; P-value< 0.0001]. Compared with controls, preoperative all patients had
lower values for these parameters. Six months post-THA the stride frequency and body motility during
walking were similar to that of controls, but patients rose slower from a chair than controls.
Conclusion: Six months post-THA patients walked faster and rose from a chair faster compared to
baseline. Patients walked as fast as healthy controls but took longer rising from a chair.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) of the hip causes pain and loss of joint
mobility, leading to limitations in physical functioning. When
conservative treatment fails to alleviate hip pain and limitations in
physical functioning, total hip arthroplasty (THA) is a cost-effective
surgical option1. Patients nowadays, who tend to be younger and
more active, have high expectations regarding functional outcome
after THA2. If such expectations are not met, they may still be
dissatisﬁed with the outcome of a technically successful procedure.
Therefore, apart from aiming at pain relief, health-related quality of
life and patient satisfaction, clinical practice also focuses on
recovery of physical functioning after THA.aaike Vissers, Department of
tre, P.O. Box 2040, 3000 CA
: 31-10-7031002.
Vissers).
s Research Society International. PPhysical functioning is multi-dimensional. Previous studies have
shown that self-reported physical functioning andmore objectively
measured physical functioning differ and measure different aspects
of physical functioning. Weak relationships have been reported
between the different aspects of physical functioning3,4. Further-
more, it has been shown that patients highly overestimated their
level of activity when they ﬁlled in a questionnaire compared to
objective measurements of activity level5,6. Therefore, in addition
to self-reported measures, it is important to evaluate the recovery
of physical functioning objectively in the natural environment of
the patients.
This objective evaluation has been done in a previous study of
our group, focussing on one aspect: actual daily activity level
measured with an accelerometry-based Activity Monitor (AM) in
hip patients before and 6months after THA. That study showed that
patients on the waiting list for THA were signiﬁcantly less active
than healthy matched controls; 6 months post-surgery patients
had not increased their overall daily activity level, despite a signif-
icant improvement of perceived physical functioning5,6. Thisublished by Elsevier Ltd. All rights reserved.
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recovery is not expressed by the parameters studied so far, repre-
senting the actual daily activity level, but by other parameters of
objectively measured physical functioning. For example, after
a THA patients may be able to perform the individual activities of
daily living (ADL) faster (better performance) and/or for a longer,
uninterrupted period of time (increase in physical activity of the
separate ADL). If patients perform these ADL faster and/or for
a longer period of time, this indicates a better level of functioning,
even if the total amount of physical activity does not change.
Therefore, assessment of physical functioning in daily life should
not only focus on the total amount of overall actual daily activity
level, but also on how patients perform the individual activities.
Patients with OA and patients after THAmostly report problems
with walking and rising from a chair7e10. Therefore, it is appro-
priate to examine the performance of these speciﬁc ADLs. Until
now, the way in which both end-stage hip OA patients and patients
after THA perform activities has been evaluated by standardized
performance tests in a measurement environment (e.g., a labora-
tory). Most of these studies evaluated walking activity and showed
that walking speed and stride frequency improved after THA11e16.
However, a measurement environment differs from the situation in
daily life; for example, patients are generally more focused when
performing activities in a measurement setting, than at home.
To our knowledge, no studies have evaluated how patients with
end-stagehipOAandpatients after THAperformADL in their natural
setting. Therefore, the present study examines how patients before
andafter THAperformADL in their natural environment. In addition,
we examined how the results of both end-stage OApatients andTHA
patients differ from that of healthy matched controls.
Methods
The present study uses data of a prospective follow-up study in
which we examined the recovery of physical functioning after
THA6. Patients underwent home-based AM measurements on
average 6 weeks before (¼baseline) and 6 months after surgery.
Patients were matched on gender and age (2 years) with healthy
controls without symptomatic hip or knee OA, or other health
problems.
Patient selection
All patients with end-stage OA of the hip, scheduled for hip
replacement at the Erasmus University Medical Centre Rotterdam
in the period April 2004eMay 2006, were eligible. Patients were
included in the study by consecutive enrolment. Exclusion criteria
were: age >80 years, wheelchair-bound, not living independently,
the presence of disorders other than OA that could affect the level of
physical activity, the presence of OA in the contralateral hip
requiring surgery within 6 months, living more than 1.5 h away
from the medical centre, insufﬁcient command of the Dutch
language (spoken or written), not willing to sign an informed
consent, and unknown/uncertain whether the patient would be
available for follow-up measurements.
The procedures followed were approved by the local Medical
Ethics Committee and in accordancewith theHelsinki Declaration of
1975 (revised in 2000), and all patients provided informed consent.
Data for the comparison group were derived from an existing
database of healthy persons without symptomatic hip or knee OA
or other health problems that could affect the level of physical
activity (such as stroke, cancer with chemotherapy, operated on
foot or ankle). Match criteriawere gender and age (2 years). These
criteria were selected because gender and age are important
determinants of ADL.Materials
AM
The rationale for the AM sensor conﬁguration, the steps of the
signal analysis, and the method of activity detection have been
described in detail elsewhere17.
Brieﬂy, the AM is based on long-term ambulatory (home-based)
measurement of signals from body-ﬁxed acceleration sensors
(Temec Instruments, Kerkrade, the Netherlands). The sensors were
attached to both upper legs and to the sternum. The sensors on
both upper legs were sensitive in the anteroposterior direction
while standing and were attached at the lateral side of each upper
leg, 10 cm above the lateral femur condyle. The sensor on the trunk
was sensitive in the anteroposterior and longitudinal direction
while standing and was attached at the lower side of the sternum.
All sensors were connected to a recorder based on Vitaport tech-
nology (Temec Instruments, Kerkrade, the Netherlands). The
acceleration signals were digitally stored on a ﬂash card. After
measurements, all signals were downloaded to a personal
computer for further analysis. Each second a body posture (sitting,
standing, lying) or body motion (walking, cycling or general
movements: all non-cyclic movements) was automatically detected
from the acceleration signals. Furthermore, a motility signal is
automatically calculated from each measured signal. The motility
signal is a measure of the intensity of the movement. The body
motility is the mean of the four motility signals. To avoid bias, the
principles of the AM measurements were explained to the partic-
ipants only after measurements were made.
Outcome measurements
For the present study, the period between getting up in the
morning to going to bed in the evening was analysed. The twomain
activities for which OA patients report problems, i.e., walking and
chair rising, were analysed. In addition, the overall daily activity
level during the measurement period was calculated.
Walking
For this activity the following were measured: total time spent
walking, number of walking periods, and the number of walking
periods lasting 5 min and lasting 5 min.
For each patient, during the measurement period, 10 walking
periods with a minimal duration of twenty steps were randomly
selected by a computer program and analysed. The median stride
frequency (strides/min) and body motility during walking of these
10 periods were computed for each patient. Body motility during
walking is strongly and positively related to walking speed
(R¼ 0.88e0.90)18,19.
Chair rising
First we calculated the time spent sitting, the number of sitting
periods lasting30 min, lasting 30 min to 1 h, and lasting1 h, and
the total number of chair rising movements.
Furthermore, for each patient 20 chair rising movements during
the measurement period were randomly selected by a computer
program and analysed to calculate the duration of the chair rising
movements. The analysis was based on the detection of the
following events: the start of trunkmovement (t1), the end of trunk
movement (t2), the start of leg movement (l1), and the end of the
leg movement (l2). For patients we used the non-affected leg to
compute chair rising durations, whereas for control subjects the
right leg was always used. The total movement duration was
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rising movement (derived from t1) and completion of the move-
ment (derived from t2 or l2)20.
Statistical analysis
To examine the duration of the chair rising movements data had
to be converted to ASCII ﬁles and imported in a Matlab program
(Matlab 7.1, The MathWorks Inc., Natick, Massachusetts, USA).
Matlab was used to process these data.
For the analysis, it was ﬁrst established whether the variables
had a normal distribution using the normality ShapiroeWilk test.
Based on these analyses, the results are presented as means and
95% conﬁdence interval (lower limit, upper limit) or, if not normally
distributed, as median and inter-quartile range.
Differences between baseline and post-THA measurements
were evaluated using dependent t tests (for normally distributed
variables), with Wilcoxon tests (for not normally distributed vari-
ables), or with Generalized Estimating Equations (GEE) for differ-
ences between the number of walking periods lasting 5 min and
5 min and the number of sitting periods lasting 30 min, 30 min
to 1 h, and 1 h.
Differences between patients and controls were evaluated by
independent t tests (for normally distributed variables), by
nonparametric ManneWhitney U tests (for not normally distrib-
uted variables), or by GEE for differences between the number of
walking periods lasting 5 min and 5 min and the number of
sitting periods lasting 30 min, 30 min to 1 h, and 1 h. Analyses
were performed using statistical package for the social sciences
(SPSS) 17.0 (SPSS Inc., Chicago, USA) or SAS 9.2 (SAS institute Inc.,
Cary, USA). An alpha value of 0.05was set as the level of signiﬁcance.
Results
A total of 36 patients were eligible and willing to participate in
the study. Of these, four patients lacked the postoperative
measurements at 6 months, and in two patients the AM
measurements were invalid due to technical problems. Finally, the
preoperative (baseline) and postoperative data of 30 patients were
available for analysis. For these patients, 30 healthy comparison
subjects were matched on gender and age (2 years). Character-
istics of the patients and controls are presented in Table I.
For all hip replacements a posterolateral approach with poste-
rior capsular repair was used. All replacements were cemented. All
patients had second-generation cephalosporin at anaesthetic
induction followed by two additional doses. Pre and post-
operatively, low-molecular-weight heparin was administered
prophylactically for prevention of deep vein thrombosis for a period
of 6 weeks. Because the Erasmus MC University Medical Centre is
a teaching hospital, during the study period the procedures were
performed by six different orthopaedic surgeons with different
medical assistants. Post-surgery, the mean number of days in
hospital was 8 days and all patients received a standard physical
therapy management protocol. They were mobilized early with full
weight bearing as tolerated.Table I
Characteristics of the study patients and matched healthy controls
Total patients (n¼ 30) Controls (n¼ 30)
Gender, % women (n) 63.3 (19) 63.3 (19)
Age at baseline (years) 60.3 13.0 60.1 12.9
BMI at baseline (kg/m2) 26.4 3.4 25.3 3.3*
Values are presented as mean standard deviation, unless otherwise indicated.
* Data on BMI were missing for 13 controls.Compared with baseline data, 6 months post-THA patients
showed a tendency towards a decrease in overall daily activity
level, but the difference was not signiﬁcant (P¼ 0.145). Six months
post-THA, patients were less active than healthy matched controls
(P¼ 0.024) (Table II).
Walking
Six months post-surgery, stride frequency and body motility
during walking had increased compared to baseline [56.1 (54.3,
57.8) strides/min vs 52.1 (50.3, 54.1) strides/min; P-value< 0.0001,
0.265 (0.245, 0.286) g vs 0.219 (0.197, 0.240) g; P-value< 0.0001].
The time spent walking (in percentage) was signiﬁcantly decreased
6 months postoperatively compared to baseline. No differences
were seen for the other walking outcome measures (Table II).
At baseline, patients with end-stage OA of the hip had a lower
stride frequency and body motility during walking compared to
healthy controls [52.1 (50.3, 54.1) strides/min vs 57.6 (55.8, 59.3)
strides/min; P-value< 0.0001, 0.219 (0.197, 0.240) g vs 0.276 (0.254,
0.298) g; P-value< 0.0001]. The other walking outcome measures
showed no signiﬁcant difference compared with controls. Six
months post-surgery, no signiﬁcant differences were seen in the
walking outcomemeasures betweenpatients and controls (Table II).
Chair rising
Six months post-surgery, the duration of the chair rising
movement was shorter compared to baseline [2.6 (2.5, 2.8) s vs 3.0
(2.8, 3.2) s; P-value< 0.0001]. No differences were seen in the other
outcome measures (Table II).
At baseline and at 6 months post-surgery, the duration of the
chair rising movement was longer for patients compared to healthy
controls (P-value< 0.0001 and P-value¼ 0.001 respectively). No
differences were seen in the other outcome measures (Table II).
Discussion
Compared to baseline, 6 months post-THA patients had a higher
stride frequency and body motility during walking (indicating
a higher walking speed). Furthermore, they needed less time to
perform a chair risingmovement. However, the time spent walking/
sitting, the number of walking/chair rising activities, and the dura-
tion of the walking/sitting periods had not increased. Thus, it seems
that patients could walk faster and rose faster from a chair, but did
not perform the activities more often or for a longer period of time.
At baseline, compared to healthy matched controls, patients
with end-stage OA of the hip had a lower stride frequency and body
motility during walking and needed more time to rise from a chair.
The differences in stride frequency and body motility during
walking between patients and healthy controls had disappeared at
6 months post-THA. However, patients still need more time to rose
from a chair compared to healthy matched controls. In other words,
it seems that 6 months post-surgery patients could walk as fast as
the controls, but still needed more time to rise from a chair.
Thus, the present study indicates that even at 6 months after
THA patients need relatively much time to perform the activity
rising from a chair. Our earlier systematic review showed that few
prospective studies have evaluated the performance of chair rising
in hip patients21. Therefore, future research needs to evaluate the
performance aspects of this activity before and after THA.
Patients with OA and patients having undergone THA report,
besides problemswith walking and chair rising, also problems with
the activity climbing stairs. Within the present study population
20% of the hip patients compared to 40% of the healthy controls had
more than one period of climbing stairs during the measurement
Table II
ADL in hip patients pre- and post-surgery compared to healthy matched controls
Patients
pre-surgery
T0 (n¼ 30)
Patients’ 6 months
post-surgery
T1 (n¼ 30)
Controls (n¼ 30) P-value
T0 vs T1
P-value
T0 vs
controls
P-value
T1 vs
controls
Duration of measurement period, h
(getting up until going to bed)
15.3 (14.6, 16.0) 15.6 (14.9, 16.3) 15.8 (15.4, 16.3) 0.454* 0.196y 0.563y
Movement-related activity
% 14.1 (11.8, 16.5) 12.9 (10.8, 15.0) 17.2 (14.0, 20.4) 0.145* 0.117y 0.024y
h 2.2 (1.8, 2.5) 2.0 (1.7, 2.4) 2.7 (2.2, 3.2) 0.363 0.063y 0.027y
Walking
Time spent walking
% 10.3 (8.5, 12.1) 9.5 (8.1, 10.9) 12.2 (9.9, 14.5) 0.255* 0.198y 0.047y
h 1.6 (1.3, 1.8) 1.5 (1.2, 1.7) 1.9 (1.6, 2.3) 0.462* 0.125y 0.052y
Number of walking periods, n 320 (279, 362) 312 (270, 354) 378 (331, 425) 0.653* 0.066y 0.036y
Duration of walking periods, numbers
<5 min 335 (188) 294 (136) 362 (146) ezx ezx ezx
>5 min 0 (1) 0 (0) 1 (2)
Body motility during walking, g 0.219 (0.197, 0.240) 0.265 (0.245, 0.286) 0.276 (0.254, 0.298) <0.0001* <0.0001y 0.460y
Stride frequency, strides/min 52.1 (50.3, 54.1) 56.1 (54.3, 57.8) 57.6 (55.8, 59.3) <0.0001* <0.0001y 0.220y
Chair rising
Time spent sitting
% 55.9 (51.6, 60.2) 55.5 (49.6, 61.3) 54.3 (49.2, 59.3) 0.856* 0.610y 0.750y
h 8.6 (7.8, 9.4) 8.7 (7.6, 9.8) 8.6 (7.7, 9.5) 0.839* 0.996y 0.881y
Duration of sitting periods, numbers
<30 min 56 (42) 64 (42) 57 (24) ezx ezx ezx
30 min to 1 h 3 (2) 2 (2) 3 (4)
>1 h 0 (1) 0 (2) 1 (1)
Total number of chair risings 53 (45, 60) 55 (48, 63) 59 (52, 65) 0.375* 0.203y 0.480y
Duration of chair rising movement, s 3.0 (2.8, 3.2) 2.6 (2.5, 2.8) 2.3 (2.2, 2.5) <0.0001* <0.0001y 0.001y
Values are presented as mean and 95% conﬁdence interval (lower limit, upper limit) when normally distributed or median (inter-quartile range) when not normally
distributed. Signiﬁcant P-values are printed bold.
* Dependent t test was used to obtain the P-value.
y Independent t test was used to obtain the P-value.
z GEE was used to obtain the P-value.
x Analyses were not performed, because in one or more categories too few data were available.
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of climbing stairs, we were unable to further evaluate this activity.
Six months after THA the number of patients that climbed stairs
had not changed. It is possible that patients with end-stage hip OA
either adapt their home situation, or avoid climbing stairs.
Similar to the present study, previous prospective studies that
evaluated walking and chair rising in a measurement environment in
both end-stage hip OA patients and patients after THA, showed that
both the speed of walking and chair rising increased after sur-
gery11e16,22. A recent studyof Foucher et al.23 comparedwalking speed
measured with gait analysis in a laboratory setting with habitual
walking speedmeasuredwith anAM. This study found that at 3weeks
and 1 year post-surgery patients walked faster in the gait laboratory
than in their habitual settings. So an advantage of laboratory
measurements is that more sophisticated analysis can be done. But,
the conditions in a laboratory setting are controlled and consequently
artiﬁcial. Therefore, the behaviour in these laboratory settings does
not necessarily simulate behaviour and function in real world setting.
Therefore, measurements in the natural environment of patients are
needed to provide greater insight into functioning in daily life.
The AM is a unique instrument to measure actual daily ADL at
home, in contrast to other currently available instruments which
only examine overall activity level. The AMprovides information on
overall activity level but also evaluates (at each second) body
postures and motions. Therefore, because the AM evaluates actual
ADL in terms of performance in addition to the overall daily activity
level, the present results give greater insight into a patient’s
physical functioning before and after THA in their home situation.Some limitations of the study need to be addressed. First: due to
the strict inclusion/exclusion criteria and because measurement/
analysis of the data is time consuming, a relatively small number of
patients could be included. Furthermore, all patients were recruited
from a university hospital, which may have reduced the repre-
sentativeness of the sample. However, because the characteristics
of the study patients were comparable with other studies, our
sample is probably representative for the THA population as
described by others11e13,16. Second: with the AM the actual walking
speed is not calculated, but a measure (body motility) which is
closely related to walking speed. However, because body motility
during walking and walking speed are strongly correlated, we
believe it is feasible to draw conclusions about walking speed.
Third: because data on body mass index (BMI) were missing for 13
of the 30 controls, we cannot ascertain whether BMI was totally
comparable between patients and controls. However, in our study
population BMI was not related to walking speed, stride frequency
and/or duration of chair rising (either pre- or post-surgery);
therefore, had a difference in BMI existed between the groups,
this is unlikely to have inﬂuenced the study results. Fourth: in this
study we examined how fast and how often the activities walking
and chair rising were performed. A limitation is that the AM cannot
address outcomemeasures such as safety and stability. In particular
for the chair rise task a decrease in rise time could be indicative of
the patient using a momentum strategy which could result in
a decrease in balance when they rise to a standing position. So, one
can question whether a decrease in rise time is an improvement of
the chair rising activity. Therefore, more outcome measures of the
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performance of activities in the natural environment of patients.
Furthermore, in this study we did not evaluate all walking and
chair rising activities but a random selection of the activities, given
the time consuming nature of processing and converting AM data
into an analytically useful format. For the walking periods we have
randomly chosen 10 periods with minimally 20 steps. We analysed
for these 10 periods the stride frequency and body motility during
walking. The variation between the 10 periods was relatively small,
but tominimize the effect of variation, we took the overallmedian of
these 10 selectedwalkingperiods. For the chair rising transitions,we
also examined 10 randomly selected chair rising movements for
each patient and analysed the duration and took the overall median
of the 10 randomly selected transitions. We assume that because we
evaluated randomly selected periods and the variation between the
evaluated periods was small this is representative for how patients
perform these activities during the day. Finally, a limitation of
measurements in the natural environment of patients is that some
factors are not standardized. Chair/couch height andwalking surface
could have an inﬂuence on how patients perform the activities chair
rising and walking. We do not have information about the chair/
couch height or walking surface for either the patients or controls.
Based on the results of the present study (and our previous
study21), we cannot draw conclusions about physical functioning
longer than 6 months after THA. For example, the level and/or
performance of ADL may increase/improve in the period longer
than 6 months post-surgery. If the level of actual daily activity is
related to behaviour, the change to a more active lifestyle may need
longer than 6 months. Therefore, future research needs to evaluate
the longer-term recovery of both the level of actual daily activity
and performance of ADL (especially rising from a chair) in the home
situation of patients.
In conclusion, postoperative recovery is not expressed by amore
active lifestyle, but by an improvement in body motility during
walking (indicating a higher walking speed) and time needed to
rise from a chair. Six months post-THA, the body motility during
walking was similar to healthy matched controls but hip patients
still needed more time to rise from a chair. These ﬁndings may help
physicians to better inform patients pre-surgery about the possi-
bilities related to recovery of physical functioning after surgery.Author contributions
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